To study the histomorphology of bone marrow biopsy in patients with CKD-MBD and correlate the histological features of bone biopsy with the clinicobiochemical parameters. 32 cases of diagnosed CKD-MBD formed the study group. Detailed clinical history and biochemical analysis was done for them. Bone marrow trephine biopsies were conducted and the histology was studied. The clinicobiochemical and the histomorphological findings were correlated. Based on the bone biopsy findings, Hyperparathyroid bone disease consisted of-14 cases (44%), Mixed uremic osteodystrophy of-16 cases (50%) and one case (3%) each of Low turnover disease (Adynamic bone disease) and Normal histology. The mean blood urea, S. Creatinine, S Phosphate and the S. Vit D3 were found to be statistically significant between the two major subgroups. The area of the bone trabeculae and the osteoid percentage was found to be more in the MUO group and was found to be statistically significant. Conclusion: A trephine biopsy helps us in understanding the skeletal symptoms of the CKD when the clinical and biochemical parameters are not conclusive. A biopsy in unexplained bone pain/fractures, unexplained hypercalcemia and elevated phosphate levels helps in guiding the proper management of the patient.
Introduction
Chronic kidney disease is associated with abnormalities in bone and minerals [1] . This disorder previously termed as renal osteodystrophy (ROD) has now been termed chronic kidney disease-related mineral and bone disorder (CKD-MBD) by the Kidney Disease Improving Global Outcomes (KDIGO) foundation [1] .
The major disorders of bone can be classified into those associated with high parathyroid hormone (PTH) levels (osteitis fibrosa cystica) and those with low or normal PTH levels (adynamic bone disease) [2] . Within the past two decades the predominance of hyperparathyroid bone disease (high-turnover disease) has diminished as more adynamic renal osteodystrophy (low-bone turnover disease) are being diagnosed especially in the dialysis population. [3] [4] [5] .
Recent studies have shown that more than 50% of patients with only moderate renal failure have abnormal bone histology [6, 7] , indicating that skeletal changes may be initiated years before the symptoms arise and at least in some patients at very early stages in CRF.
The bone biopsy remains the gold standard for diagnosing the abnormalities of the bone turnover. It is the parameter to which all other non-invasive parameters must be compared for bone turnover [8] . In addition bone biopsies have been helpful in determining the clinical course and response to treatment. It is necessary to have a rational approach to the diagnosis and assessment of CKD-MBD in order to devise a treatment plan that will lead to improved outcome of the patients.
This study was carried out to study the histomorphology of bone marrow biopsy and correlate the histological features of bone biopsy with the clinico-biochemical parameters.
Materials and Methods

diagnosed cases of Chronic Kidney Disease-Mineral
Bone Disorder (CKD-MBD) were included. 15 Bone Marrow biopsies with normal histology and cases without any bony or biochemical abnormalities were included as controls. The study was conducted after getting clearance from the institute ethics committee. Each case was assessed with relevant clinical history including bone pains and fractures. Complete hematological workup including peripheral smear examination for red cell morphology especially burr cells was carried out. The biochemical profile included blood urea, S.Creatinine, uric acid, Calcium, Phosphate, alkaline phosphatase (ALP), S.PTH and 25-hydroxycholecalciferol.
BM trephine biopsy was carried out in all cases and imprints were made. Each biopsy was then cut into twoone embedded in plastic and the other in paraffin. Sections were then used for H & E staining, Masson's trichrome(MT), Von Kossa and other special stains carried out wherever indicated. Each BMB was assessed for trabecular surface and number of osteoblasts and osteoclasts, peritrabecular fibrosis, thickness of osteoid seams and calcium content. The measurements were calculated with a scale fitted into the eyepiece of the microscope. The histomorphology of BMB was correlated with clinico-biochemical profile.
Based on the classification by Malluche [8] and by Goce B Spasovski [9] , the cases were classified as: (a) Hyperparathyroid bone disease(HPT) (b) Mixed Uremic Osteodystrophy(MUO) and (c) Low Turnover Uremic Osteodystrophy.
Statistical Analysis
Statistical analysis will be done using the Student -t test and Chi square to correlate the bone histology with the clinico-biochemical parameters.
Observations and Results
Thirty-two cases of the study group consisting of chronic kidney disease and 15 cases (biopsies) of the control group were taken.
Based on the bone biopsy findings, the cases were divided into the following sub-groups-Hyperparathyroid bone disease-14 cases (44%), Mixed uremic osteodystrophy-16 cases (50%), Low turnover disease (Adynamic bone disease)-1 case(3%) and Normal histology-1 case(3%). Mean age of all the cases was 45.87 with an age range of 20-75 years, however that of the control, mean was 40.6 age range was 21-70 years. The male cases surpassed the female population by a minimal margin (ratio = 1.13:1).
The most common association of the cases was seen with hypertension. A lone case of adynamic bone disease was seen in an elderly diabetic. A 45 years old lady with MUO showed osteoporosis on radiological examination. Only six patients were on dialysis and the rest (26/32) of the study population was in the predialysis group.
Biochemical tests were carried out to assess patient's kidney functions ( Table 1 ). The mean blood urea level was 147.84 mg/dl and the mean S. Creatinine level was 5.94 mg/dl. Mean blood urea and S. Creatinine were higher in the HPT group than the MUO group and was found to be statistically significant (p \ 0.013 and p \ 0.0039 respectively). The S. Calcium level was low in the study population with a mean of 7.19 mg/dl. The mean Calcium level of MUO cases was lower than HPT at 6.98 mg/dl. The mean S. phosphate level was 4.76 mg/dl. The mean phosphate was higher in HPT than the MUO group. The mean ALP was 186.5 IU/L. The mean ALP was higher in MUO than the HPT group. Statistical evaluation showed the S. Phosphate to have a correlation between the two histologic group with a p \ 0.035. However no correlation was seen between the S. Calcium and S.ALP and the two predominant histologic types. Mean Vitamin D3 levels in the study group was10.90 ng/ml. It was higher in MUO than in the HPT group. It was found to be statistically significant with a p \ 0.0033. The mean PTH level was 367.76 and was higher in the HPT than the MUO, however no correlation was seen between the two histologic types.
30 patients were anemic with a mean hemoglobin of 8.26 g/dl. Peripheral smear showed burr cells in 4 cases. Bone marrow aspirate/imprint findings: 7 cases with hypercellular marrow, 1 hypocellular and rest normocellular. 2 cases demonstrated multiple myeloma. 4 cases on BMA/BMI showed osteoclastic and osteoblastic proliferation.
The various parameters observed in the bone marrow biopsies were: area of bony trabeculae (Table 2) , osteoid width (Table 3) , fibrosis and osteoblastic & osteoclastic proliferation.
Area of the bony trabeculae as percentage of the total bone biopsy was calculated and the MUO group showed more area with a mean of 42.4 than the HPT group with a mean of 24.01. The finding was found to be statistically significant with a p \ 0.0002. The osteoid width was calculated as percentage. The mean osteoid of HPT was 7.71% and that of MUO was 31.56% and was found to be statistically significant with a p value of \0.0011.
The predominant histology among the cases consisted of MUO followed by HPT, and one case each of adynamic bone disease(ABD) and normal histology.
The cases of HPT showed bony trabeculae which were irregular in shape and thickness ( Fig. 1 ). There was osteoclastic and osteoblastic proliferation. The bone cells were abnormally high in number, irregular in shape and arrangement. The enlarged osteoclasts were numerous, containing multiple nuclei with prominent nucleoli (Fig. 2) . The resorption cavities were deep and irregular and few of them demonstrated dissecting or tunnelling resorption (Fig. 3) . There was mild to moderate amount of fibrosis. The collagen fibres were seen being extruded even into the marrow cavity and in some cases the bone marrow was entirely replaced by fibrosis (Fig. 4) . There was overproduction of collagen resulting in an increase in osteoid surface and volume and, sometimes, thickened osteoid seam. The osteoid was \12% in this group and it ranged from 5 to 10%. The collagen fibers are accumulated toward the bone surface and were deposited between osteoblasts and toward the bone marrow leading to paratrabecular fibrosis.
MUO showed features intermediate between adynamic and hyperparathyroid features. This group showed marked variablility in the thickness of bony trabeculae. The bony trabeculae were thickened to an extent that few of them had osteomalacia like picture (Figs. 5, 6 ). There was presence of both osteoblastic and osteoclastic proliferation; however was less than in HPT. The osteoid was [12% and it ranged from 13 to 80%. Few of them showed surface, hook, lacunar and/tunnel resorption. In ABD the bone volume was reduced. There were few osteoid seams. There was no osteoclastic or osteoblastic proliferation.
Discussion
The average age of the patients was 45.87 with a range of 20-75 years. The age distribution showed a slight lower age of presentation in our study than the studies by Spasvoski [9] and Moore [10] . However, it showed similarities with the study by Sawaya [11] . The only difference being that the latter study was conducted in a study population undergoing dialysis. It matched with the study by Shin [12] on pre-dialysis patients.
The most common etiology in our study was hypertension. Eastwood in 1982 [13] found chronic glomerulonephritis to be the leading cause with hypertension and diabetes occupying the lowest prevalence. Coen G [14] also found glomerulonephritis to be the leading cause. Shin [12] observed the main etiology to be chroic glomerulonephritis followed by diabetes. In our study diabetes was one of the leading causes of CKD. The exact prevalence of chronic glomerulonephritis could not be known, since kidney biopsy could not be carried out. Coen G [14] found [12] .
The other biochemical parameters were correlated with the predominant types. The serum Creatinine was found to be significant (p \ 0.0039) similar to Coen G [14] however differing from Spasvoski [9] . The serum Calcium was deranged in the study population and was lower than normal. However no correlation was seen between the bone histology and S Calcium similar to Moore [10] and Malluche [15] .
The mean S Phosphate in the HPT subtype was slightly higher than in the MUO group. Correlation was seen between the S. Phosphate and the histological type similar to findings by Coen G. Spasovski [9] however did not find any correlation between the histologic type and the phosphate levels. The mean ALP level in MUO was higher with in MUO than in HPT. This finding corroborated with the findings of Spasvoski [9] . No correlation was found between the histological type and the S. ALP levels. Eastwood [13] did not find any correlation between the ALP and the histologic types. Spasvoski however did find a correlation between histologic types and ALP levels. Malluche et al. [15] . found the levels to be higher in HPT than MUO but there was no correlation between histology and ALP levels. The ALP is usually raised in high turnover bone diseases. The two major subgroups in our study population MUO and HPT being a high turnover the ALP The mean PTH in HPT group was at slightly higher than the MUO group. This finding was similar to the Coen G [14] . Malluche also found the levels of PTH to be higher in HPT than in MUO [15] . However Kazama [16] found that the MUO group had higher levels than HPT. Coen et al. [17] found that the predictive value of intact PTH in the noninvasive diagnosis of renal bone disease is higher in hemodialysis patients than in predialysis patients. However we did not find any correlation between the PTH levels and the 2 major histologic types, HPT and MUO subtypes. PTH has been found to be raised in high turnover diseases viz. HPT and MUO. Probably that is the reason why we got comparable results in the study group even though it was not statistically significant. The iPTH levels may also not be a good marker for bone turn over in mild renal failure [18] .
The Vit D3 (25 OH) mean was higher in MUO froup than the HPT group. We found a correlation between the histologic type and the Vitamin D levels. Levin have found that the Vitamin D levels are associated with PTH levels [19] . It was noted that the Vit D3 levels declines early in CKD even before the PTH begins to rise. The Vit D3 levels have an inverse relationship with S.PTH levels. In our group, the PTH was slightly higher in the HPT group. Other causes could be because of the decreased sunlight exposure or malnutrition [19] .
Anemia developing in the course of chronic kidney disease is an established finding. Lower hemoglobin may result from the loss of erythropoietin synthesis in the kidneys and/or the presence of inhibitors of erythropoiesis. Numerous articles by Fisher, Erslev and Besarab and others have documented the association of anemia with kidney failure and describe its various causes. [20] [21] [22] The severity of anemia in chronic kidney disease is related to the duration and extent of kidney failure.
The incidence of mixed uremic osteodystrophy was 50% in the present study. Its frequency is comparable to the study conducted by Faugere M C, Malluche H and Coen G who found MUO in 54.54%, 45-48% and 63.1% respectively (Table 4 ). In the latest study by Kazama (2010) the hyperparathyroid and mixed uremic osteodystrophy have similar incidence and in our study the findings are comparable if not similar [15] .This study and various other Table 4 have shown low turnover renal osteodystrophy to be one of the predominant sub-type. However adynamic bone disease was the lowest in the study by Faugere [23] and Malluche [15] .
There were 81.25% (26/32) pre-dialysis patients in the study group. The histopathology of renal osteodystrophy in patients with predialysis chronic renal failure is less known than in dialysis patients, mainly because of lack of skeletal symptoms in these patients and a less definite indication for a bone biopsy.
The lone case of ABD in the present study had normal PTH but deranged KFT levels. He was a diagnosed case of Diabetes with hypertension with coronary artery disease on regular follow up, cause of nephropthy being unknown.
Most reports on ABD deal with dialysis patients. However, Cohen Solal reported on ABD type in predialysis stage as a consequence of treatment with calcidiol and consequent increase in calcitriol serum levels [24] . Hutchison [25] and Hernandez [26] published studies and in both series, patients with ABD had lower levels of intact PTH compared to the other groups. However the patients in both studies were on calcium carbonate for control of serum phosphate. Therefore, the occurrence of a relatively high percentage of ABD in these series might not be correspondent to the natural prevalence of ROD in uraemic patients on conservative treatment and might probably be assigned to a relative suppression of PTH secretion due to calcium containing phosphate binders, resulting in a more frequent emergence of the ABD pattern.
The study population in our group has more of predialysis than dialysis. This might be the reason why the findings correlate more with that of Coen [17] predialysis group that showed MUO to be more prevalent than the HYt group. Differences in dietary habits, sun exposure or genetic predisposition, treatment being received in the nephrology OPD (e.g. Calcium carbonate) may be the potential explanatory factors of the slightly lower HPT group [9] .
Normal histology has also been also documented in similar studies by Coen [14] , Shin [12] and Spasvoski et al. [9] The finding by Shin as the lowest group in the study was comparable.
The difference in the spectrum of ROD reported by the various study groups could be due to the difference in the criteria for patient recruitment (selected vs unselected populations), cohort size, genetic and dietary factors, referral rates and use of phosphate binders.
Morphometry of the bony trabeculae revealed that the percentage of bone area showed significant correlation with the histological type. The mean bone area was 42.43% in the MUO while it was 24.01% in the HPT group. The previous studies did not find any correlation between the bone area and the histological groups except the study by Shin [12] who found that there was a significant correlation between the low turnover (adynamic) and the high turnover group(HPT and MUO). They however could not find any correlation between the MUO and HPT group based on the bone area. The osteoid area was higher in the MUP group than that of the HPT. This finding is similar to the findings by Sherrard [27] , Shin [12] and Sposvoski et al. [9] where the mean osteoid percentage was almost more than double the osteoid of hyperparathyroid bone disease. Therapeutic Implications of knowing the different types of ROD are as follows:-in case of severe hyperparathyroidism with marked bone marrow fibrosis, aggressive treatment with IV calcitriol at high doses is indicated. In patients with MUO, Vitamin D analogs are to be given. Low turnover patients require a reduction in therapy aimed at suppression of PTH using Phosphate binders and avoidance of vitamin D over treatment [15] .
Conclusion
A bone marrow biopsy should be carried out in CKD-MBD patients when the clinical symptoms and the biochemical parameters are not conclusive. Also, because of the complexity of the disease, the biochemical parameters do not definitely predict the bone histology. Thus a biopsy in patients with unexplained bone pain/fracture, unexplained hypercalcemia and elevated phosphate levels and suspected aluminum related bone disease should be conducted so as to guide the proper management of the CKD-MBD patients.
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